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ABSTRACT 


Objective: Most patients with coronavirus disease (COVID-19) have abnormalities of lym- 
phocyte subsets. This study aimed to determine the distribution of lymphocytes in patients 
with various severity levels of COVID-19 and to describe the relationship between the CD4* 
T helper and prognosis. 


Materials and Methods: Adult (>18 years old) patients with COVID-19 who followed up 
in a tertiary hospital were included in the study prospectively. Demographic and clinical 
characteristics of the patients were obtained from the hospital records. Peripheral flow cy- 
tometry was studied in patients with different severity of COVID-19 and different progno- 
ses. Next, we analyzed the characteristics and predictive values of lymphocyte subsets in 
COVID-19 patients. 


Results: Totally 86 patients were included in the study, of which 21 (24.4%) had asymp- 
tomatic, 23 (26.7%) had mild/moderate, and 42 (48.8%) had severe/critical COVID-19. 
Severe/critical patients had lower lymphocyte levels and older age than asymptomatic pa- 
tients (p<0.001 and p<0.001, respectively). We determined that decreased CD4* T cell ra- 
tio (p<0.001) and CD4*/CD8* ratio (p<0.001) were indicative of the severity of the disease. 
CD4* T cell ratio on admission (odds ratio [OR]=0.858; p=0.033), day seven CD4* T cell ratio 
OR=0.840; p=0.029), and C-reactive protein (CRP) levels (OR=1.014; p=0.043) were prognostic 
factors for mortality. According to receiver operating characteristics (ROC) curve analysis, 
the area under the curve was greater than 0.9 for decreased CD4* T cell ratio on admission 
and the seventh day. 


Conclusion: A low CD4* T helper ratio predicts a poor prognosis. In combination with CRP, 
it can be used in clinical follow-up. 
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INTRODUCTION 


oronavirus disease (COVID-19) has caused 

more than 660 million cases and more than 

six million deaths worldwide (1). COVID-19 
can cause different clinical situations ranging from 
asymptomatic to life-threatening infections. Pa- 
tients with severe COVID-19 may have severe pul- 
monary involvement leading to respiratory failure 
and death (2, 3). 


In addition, lymphopenia is a common feature of 
SARS-CoV-2 infections; it may predict severe and 
fatal cases of COVID-19 (4-8). Studies have shown 
that both helper T (CD4*) and suppressor T (CD8*) 
cells appear below normal levels in COVID-19 
patients. In severe cases, the number of CD4* T 
lymphocytes in total T cells decreases; hence the 
CD4*/CD8* ratio may decrease. Therefore, in cas- 
es of COVID-19 ranging from asymptomatic to 
life-threatening clinical presentations, there is a 
need to define lymphocyte subgroups (9-12). 


This study aimed to describe the clinical relation- 
ship between lymphocyte percentage and helper 
T cell levels and prognosis in patients with various 
severity levels of COVID-19. 


MATERIALS AND METHODS 

Study Design and Patients 

This prospective study was conducted in a tertia- 
ry hospital with 1653 beds and 243 intensive care 
beds. Adult patients (+18 years) hospitalized with 
COVID-19 between April and October 2020 were 
included. Demographic characteristics and comor- 
bidities of the patients were obtained from the hos- 
pital records. 


All patients tested positive for SARS-CoV-2 PCR. The 
patients were divided into three study groups. The 
first group consisted of ‘asymptomatic’ patients 
without any signs or symptoms; the second group 
consisted of ‘mild/moderate’ patients with signs of 
upper respiratory tract infection or infiltration in the 
lung but with a peripheral arterial saturation (pulse 
oximetry) >94% in room air. The third group includ- 
ed ‘severe/critical’ patients who met at least two of 
the following criteria: peripheral arterial saturation 
<94% needing oxygen support, tachypnea (>30/min 
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respiratory rate), and more than 50% progression in 
lung radiology within 24-48 hours (13, 14). 


Furthermore, we performed another analysis to 
estimate the mortality of the patients, excluding 
asymptomatic patients. In our hospital, a complete 
blood count, peripheral lymphocyte and subgroups 
by flow cytometry method, and C-reactive protein 
(CRP) by the turbidometric method were studied 
within 2 hours of admission. In order to determine 
the prognostic tests, the same examinations were 
repeated on the seventh day of the follow-up. We 
compared the results of laboratory tests performed 
during hospitalization and on the seventh day be- 
tween surviving and non-surviving patients. 


All symptomatic patients received supportive treat- 
ment and favipiravir. Patients diagnosed with can- 
cer, receiving chemotherapy, having an autoimmune 
disease, using corticosteroids for chronic disease, or 
pregnant were not included in the study. In addition, 
patients who died or were discharged before the 
7-day hospital stay and who used corticosteroids for 
COVID-19 were excluded from the study. 


Flow Cytometry 

We performed a cellular analysis with 3 ml of pe- 
ripheral blood samples collected at diagnosis and 
in the first week of treatment. The lymphocyte sub- 
type analysis was performed by using specific an- 
ti-human antibodies for the T-cells subtype; CD3- 
FITC, CD4-APC, CD8-PE, CD45-PerCP and for B-cell 
CD19 -APC-Cy7 (BD Multitest™, BD Biosciences, San 
ose, CA, USA) with the BD FACSCanto™ II flow cy- 
tometry system (BD Biosciences, San Jose, CA, USA). 


Statistical Analysis 

Statistical analyses were performed using SPSS 
22.0 (IBM Corp., Armonk, NY, USA). Parametric vari- 
ables were determined using one-way ANOVA and 


HIGHLIGHTS 
e Low CD4* T helper cells are predictors of COV- 
ID-19 severity and mortality. 


¢ CD4*T helper may be a biomarker predicting se- 
verity and mortality in COVID-19 patients. 


Table 1. Demographic data and mean laboratory data values of patients. 
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re] 
Asymptomatic Mild/Moderate Severe/Critical 
n=21 (%) n=23 (%) n=42 (%) P 
Age (mean+SD) 40.24414.38 49.26+16.61 68.71414.85 <0.001 
Male gender 9 (42.9) 13 (56.5) 22 (52.4) 0.648 
Comorbidities 
Hypertension 3 (14.3) 2 (8.7) 12 (28.6) 0.121 
Diabetes mellitus 3 (14.3) 2 (8.7) 5 (11.9) 0.844 
Chronic obstructive pulmonary disease 1 (4.8) 2 (8.7) 11 (26.2) 0.166 
Cardiovascular disease 1 (4.2) 5 (12.2) 0.059 
Laboratory tests (mean+SD) 
White blood cells count (103/mm?) 6.20+1.72 7.4742.81 8. 2544.6 0.114 
Neutrophil count (102/uL) 3.574132 5.2644.15 7.3644.78 0.002 
Lymphocyte count (10?/pL) 1.68+0.55 1,7#0:9 0.84+0.49 <0.001 
Lymphocyte (%) 32.65411.34 23:93412.93 10.8746.47 <0.001 
CD19* B cell (%) 11.0744.78 9.42+2.81 13.28410.28 <0.001 
CD 16-56 NK cell (%) 9.6243.76 13.7648.42 17.2049.18 <0.001 
CD3* T cell (%) 73.34410.97 74.4748.89 65.69+11.81 <0.001 
CD4* T cell (%) 68.66+8.32 61.79+412.82 50.64412.13 <0.001 
CD8* T cell (%) 30.33+8.18 41.06+13.99 42.664+12.95 0.001 
CD4*/ CD8* (%) 2.5141.06 TZ 120:77 1.33+40.57 <0.001 
CRP (mg/L) 11.3344.91 21.69+20.55 110.76477.13 <0.001 


SD: Standard deviation, NK: Natural Killer, CRP: C-reactive protein 


Tukey’s post-hoc test. Logistic regression analysis 
between-group significance was performed, and 
odds ratios (ORs) and 95% confidence intervals (CIs) 
were presented. The receiver operating character- 
istic (ROC) curve model was also used to predict 
death efficacy. The statistical significance was set 
as p<0.05. 


RESULTS 

Demographic and Clinical Characteristics 

A total of 86 patients were included in the study. 
Twenty-one of the patients (24.4%) had asymp- 
tomatic, 23 (26.7%) mild/moderate, and 42 (48.8%) 
severe/critical COVID-19. The median age of pa- 
tients (4SD) was 56.56 (+19.48), and 51.2% were 
male. The mean age in the severe/critical group 
was Statistically higher than in the mild/moderate 
(p<0.001) and asymptomatic groups (p<0.001). Gen- 


der (p=0.648) and comorbidities were not signifi- 
cantly different between severity groups (p>0.005). 
The most common comorbidity was hypertension 
(19.8%). Demographic and laboratory data of the 
patients are presented in Table 1. 


Severity of COVID-19 

The age difference, lymphocyte subgroups, and CRP 
between the severity groups are shown in Figure 1 
and Table 1. The white blood cell levels were sim- 
ilar in all groups (p=0.114). However, the absolute 
neutrophil count of the severe/critical group was 
higher than the mild/moderate (p=0.008) and as- 
ymptomatic COVID-19 groups (p=0.001). 


The percentage of lymphocytes and subgroup anal- 
ysis in 86 patients with various severity levels of 
COVID-19 were calculated after flow cytometry 
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(ec) W) S This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License. 


25 


COVID-19 and CD4+ T-Cell Depression 


Age Blood cells CRP and CD4* T helper (%) 
9 120 
8 ee 

100 

7 — 
6 = 80 
5 

60 
4 
3 40 
2 Se 

20 
1 4 
0 0 


Asymptomatic Mild/Moderat Severe/Critical Asymptomatic 


Age (year) 


Mild/Moderat 


—_ White blood cells (10?/L ) 


Neutrophil (10?/L ) 


Severe/Critical Asymptomatic Mild/Moderat 


CRP (mg/L) 


CD4+ T helper (%) 


Lymphocyte (103/L ) 


Figure 1. Age, blood cell, CRP, and CD4* percentage according to various severity levels of COVID-19. 


(Table 1). The mean lymphocyte count was lowest 
in the severe/critical group (p<0.001) (Table 1). Lym- 
phocyte percentage was lowest in the severe/criti- 
cal group and highest in the asymptomatic group 
(10.8746.47 vs. 32.65+11.34) (p<0.001). The differ- 


percentage on admission was lower in non-survi- 
vors than in survivors. According to multivariate 
regression analysis, a low CD4* on admission and 
the seventh day and a high CRP on the seventh day 


ence between the lymphocyte percentage value in 
the asymptomatic and the mild/moderate groups 
was also statistically significant (p=0.011). 


The lymphocyte subgroup analysis showed that 
the percentage of CD4* T helper was the lowest in 
the severe/critical group (50.64+12.13) and highest 
in the asymptomatic group (68.66+ 8.32) (p<0.001). 
The CD4*/CD8* ratio was the lowest in the severe/ 
critical patients. According to the post hoc test, it 
was significantly different from the mild/moder- 
ate group (p=0.003) and the severe/critical group 
(p<0.001). CRP levels also increased with disease se- 
verity (p<0.001) (Table 1 and Figure 1). 


Mortality of COVID-19 

Sixty-five patients were included in the subgroup 
analysis. In the 14-day mortality assessment, 14 
(21.5%) patients were non-survivors, and 51 (78.5%) 
were in the survivors’ group. Laboratory tests of 
survivor and non-survivor patients are presented 
in Table 2. The mean age (SD) was 71.86412.79 
among non-survivors and 59.08418.34 in survivors 
(interquartile range [IQR]=1.053; p=0.017). The CD4* 
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were the factors predicting mortality (Table 2). 


We also performed a ROC curve analysis to evalu- 
ate the role of these factors in predicting mortality 
efficiency. The area under the ROC curve (AUC) is 
presented in Table 3 and Figures 2, 3, and 4. On ad- 
mission, the AUC for CD4* T cells was 0.905 (95% 
CI=0.829-0.981). 


DISCUSSION 


This study focused on identifying lymphocytic sub- 
groups in various clinics and predicting mortality in 
COVID-19 patients. Our patients with severe/criti- 
cal COVID-19 had older ages and lower lympho- 
cyte counts. Lymphocyte percentages and absolute 
counts were statistically significantly lower in se- 
vere/critical COVID-19 patients compared to mild/ 
moderate and asymptomatic patients. The older 
age and lower CD4* helper T cells ratio were also 
the most predictive factor for mortality. 


Respiratory virus infections can affect the number 
and distribution of peripheral lymphocytes, and 
most patients develop lymphocytopenia during the 


Severe/Critical 
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Table 2. Risk factors predicting mortality from laboratory values at admission and on the seventh day. 


Multivariate analysis 
Survivor Non-survivor 
n=51 ta p OR (95% Cl); p 
Age (mean+SD) 59.08418.34 71.86412.79 0.017 1.067 (0.967-1.178); 0.195 
Laboratory tests on admission (mean+SD) 
White blood cells count (103/mm?) 7.83+3.84 8.2244.78 0.789 
Lymphocyte count (103/pL) 1.2740.83 0.75+0.39 0.002 
lymphocytes (%) 17.06#11.72 9.80+6.06 0.003 0.969 (0.816-1.152); 0.724 
CD19* B cell (%) 3.03+2.97 1.8841.77 0.178 
CD 16-56 NK cell (%) 4.3843.96 2.13#1.97 0.005 0.785 (0407-1.513); 0.469 
CD3* T cell (%) 19,.22+20.48 6.96+3.94 <0.001 0.815 (0.547-1.214); 0.455 
CD4* T cell (%) 58.91+10.62 38.85+10.55 <0.001 0.858 (0.745-0.987); 0.033 
CD8* T cell (%) 38.3410.89 56.26411.54 <0.001 1.086 (0.971-1.214); 0.149 
CD4+/ CD8* (%) 1.66+0.6 0.67+0.2 <0.001 
CRP (mg/L) 73.15+79.08 101.42+61.8 0.221 
Laboratory tests on 7th day (mean+SD) 
White blood cells count (103/mm?) 7.83+3.84 8.2244.73 0.005 
Lymphocyte count (10?/uL) 1.7442.3 0.81+0.36 0.147 
Lymphocytes (%) 18.12+9.96 10.6+5.69 0.001 0.855 (0.711-1.028); 0.096 
CD19* B cell (%) 3.03+2.97 1.88+41.77 <0.001 
CD 16-56 NK cell (%) 4.3344.77 1.55+0.69 <0.001 0.59 (0.209-1.667); 0.32 
CD3* T cell (%) 20.94+21.28 8.33+4.59 <0.001 1.09 (0.974-1.219); 0.133 
CD4+ T cell (%) 53.52+14.98 32.77+4.05 <0.001 0.84 (0.719-0.983); 0.029 
CD8* T cell (%) 40.63+11.66 52.37414.63 0.013 0.969 (0.894-1.05); 0.443 
CD4*/ CD8* (%) 1.54+0.95 0.67+0.2 <0.001 
CRP (mg/L) 33.58444.5 156.45+124.99 0.003 1.014 (1-1.027); 0.043 
SD: Standard deviation, NK: Natural Killers, CRP: C-reactive protein 
Table 3. ROC curve model of patients with COVID-19. 
Area SE p 95% Cl lower 95% Cl upper Cut-off 

CD4+ (%) on admission 0.905 0.039 <0.001 0.829 0.981 BS 
CD4+ (%) at 7th day 0.904. 0.037 <0.001 0.831 0.977 41.5 
CRP at 7th day (mg/L) 0.867 0.05 <0.001 0.769 0.965 165 


SE: Standard error, Cl: Confidence interval, CRP: C-reactive protein 
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acute phase of severe acute respiratory syndrome 
(SARS) and Middle East respiratory syndrome 
(MERS). In addition, the degree of decrease in T cells 
was associated with the severity of the disease (15). 
Similarly, severe lymphopenia appears to be associ 
ated with severe COVID-19 and increased mortality 
16, 17). Pan et al. showed that the number of CD4+ 
T cells and CD8* T cells was significantly lower in 
intensive care unit (ICU) patients than in the non- 
CU group. However, the results of CD19" B and nat- 
ural killer (NK) cells differed from each other (18). 
Wen et al. found that both low CD4* T and CD8* T 
evels were associated with mortality, but low CD4* 
T helper was an independent risk factor for mor- 
tality (12). In our study, the CD4* T cell ratio was 
significantly reduced in critical COVID-19 patients. 
According to the seventh-day test results, low CD4* 
was a risk factor for mortality. According to ROC 
analysis, the AUC value for CD4* T helper ratio was 
more significant than 0.9 in both on-admission and 
the seventh-day tests. It had a high predictive value 
for mortality on admission and during follow-up. 


There are different results regarding the low CD4*/ 
CD8* ratio in the literature. In addition to being a 
prognostic factor for mortality, there may be a rel- 
ative effect because of a low CD4* ratio (16-20). Ac- 
cording to our study, the CD4*/CD8* ratio decreased 
proportionally from asymptomatic to severe clini- 
cal conditions. 


In the literature, there is no consensus on the re- 
sults of NK cell distribution in various severity lev- 
els of COVID-19 disease. According to Jiang et al., 
NK cell counts were lower in COVID-19 patients 
than in healthy individuals (20). On the other hand, 
S. Cantenys-Molina et al. found that the percentag- 
es of NK cells were higher in deceased patients (21). 
Furthermore, a prospective study showed that the 
NK cell count was higher in severe patients during 
the first week of illness but lower in the following 
weeks (22). According to our results, it was higher 
on admission in mild/moderate patients (10% vs. 
2%; p<0.001). In addition, tests performed on the 
seventh day were lower in deceased patients than 
in survivors. 


Older age has been identified as the most significant 
risk factor for COVID-19 mortality. Previous stud- 
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Figure 2. ROC analysis of CD4* T helper ratio on admission 
and mortality. 
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Figure 3. ROC analysis of CD4* T helper ratio at 7th day. 


ies reported that older age was associated with an 
impaired specific immune response to SARS-CoV-2 
infection, resulting in increased inflammation and 
poor COVID-19 outcome. In addition, age-related 
defects in T-cell and B-cell function might lead to 
inadequate suppression of viral replication and 
prolonged pro-inflammatory responses (23-26). We 


28 


found that the mean age was higher in the severe/ 
critical COVID-19 group, and those who did not sur- 
vive with confirmed COVID-19 were older. 


CRP is a biomarker that predicts severity and mor- 
tality in COVID-19 patients (27, 28). In their me- 
ta-analyses, Kazemi et al. (27) and Danwang et al. 
(28) showed that CRP levels were correlated with the 
clinical severity of COVID-19. According to our study 
results, CRP was the biomarker with the most sig- 
nificant difference between mild/moderate and se- 
vere/critical patients. In addition, the most import- 
ant biomarker predicting mortality from laboratory 
values measured on the seventh day was CRP. 


The relatively small number of patients in our study 
brings some limitations. In addition, this study may 
not provide precise data on patients infected with 
SARS-CoV-2 mutant strains because our patients 
were infected with the original Wuhan strain. 


In conclusion, the percentage of CD4* T helper is 
a strong prognostic factor in COVID-19 patients. 
Furthermore, the difference in the CD4* ratio de- 
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Figure 4. ROC analysis of CRP levels at 7th day. 


termines clinical severity and predicts mortality. 
Therefore, it can be used in clinical follow-up of 
COVID-19 patients in combination with CRP. 
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